Abstract. Malignant neoplasia in 4 alpacas was characterized by acute onset of clinical signs and rapidly deteriorating condition. Postmortem examination revealed metastatic or multicentric neoplasia in the abdominal organs of alpacas 1, 3, and 4 and an extensive thoracic mass in alpaca 2. Immunohistochemical stains supported a diagnosis of B-cell lymphosarcoma in alpacas 1-3 and a neuroendocrine neoplasm in alpaca 4.
South American camelids have progressively gained popularity as companion animals in the United States during the past 20 years. As a result, it has been necessary to expand knowledge of the biology, management, and veterinary therapy of these animals. The most common health problems described in these animals are noninfectious, infectious, and metabolic disorders. Reports of neoplasia in New World camelids are uncommon, and most reports are of neoplasia in llamas. 1, 2, [5] [6] [7] [8] [9] [10] [11] 13, [15] [16] [17] [18] [19] [20] [21] 23, 24 Neoplasms reported in New World camelids include gastric squamous cell carcinoma, lymphosarcoma, nephroblastoma, gemistocytic astrocytoma, intraosseous hemangiosarcoma, intraocular melanoma, teratoid medulloepithelioma, anaplastic sarcoma, ossifying fibroma, urinary neoplasia, and hepatic neoplasia. There are comparatively fewer reports of neoplasia in alpacas and guanacos in the United States. 1, 2, 6, 11 It is not known whether this is due to a lower incidence of neoplasia in these species or to the lower population of these animals, compared with llamas in the United States, or both. The purpose of this report is to describe malignant neoplasia in 4 alpacas.
Formalin-fixed tissues from 3 alpacas and the body of 1 alpaca were received by the Department of Pathobiology, College of Veterinary Medicine at Auburn University. The tissues from alpacas 1,2, and 4 were collected from necropsies performed in Vermont on established alpaca ranches. A necropsy was performed on the body of alpaca 3 at Auburn University College of Veterinary Medicine. The history and origin of alpaca 3 before the date of purchase in Alabama was not known.
Alpaca 1 was a previously healthy 6-week-old female with a 12-hour history of lethargy and a 2-hour history of bruxism. Marked generalized lymphadenopathy was noted on physical examination. Progressive deterioration of the alpaca's condition, in spite of supportive care, antibiotics, and fluid therapy, necessitated euthanasia. Gross lesions seen at necropsy included generalized lymph node enlargement, hepatomegaly, and marked circumferential thickening of the wall of the cervix.
Alpaca 2 was an 8-year-old intact male that had been used for breeding purposes for approximately 1 year. One morning, after eating, the animal developed acute respiratory distress and died within 30 minutes. Postmortem examination revealed poor body condition and moderate muscle wasting. The mediastinum was greatly expanded and distorted by an approximately 8-ϫ 8-ϫ 12-cm firm white mass that compressed the trachea. The right atrial wall and the ventricular walls were approximately 10 and 2-3 times the normal thickness, respectively, owing to similar firm white tissue. Costal and diaphragmatic pleura contained multifocal 2-3mm firm white masses. The thorax contained abundant serous yellow fluid.
Alpaca 3 was a 12-year-old female that had been purchased approximately 3 weeks earlier and pastured with an old horse. The alpaca was not seen again until found recumbent in the pasture and unwilling to stand. The animal was cachectic and had a distended abdomen. Ultrasound examination revealed hydroperitoneum. Although the animal was urinating and defecating normally on the day of presentation, diarrhea developed 4 days after admission to the large-animal clinic. Hematology and serum chemistries revealed leukocytosis with a neutrophilia, low albumin and total protein, elevated blood urea nitrogen, and normal creatinine. Because of the progressive deterioration and poor prognosis for recovery, the alpaca was humanely euthanatized, and a postmortem examination was performed. The right axillary lymph node was approximately 2 times the normal size. The mesentery contained multifocal coalescing pale tan to white soft masses ranging from 3 to 6 cm in diameter. Some mesenteric masses extended into and thickened the adjacent intestinal wall to 4 times the normal width.
Alpaca 4 was a 5-month-old female that presented to the referring veterinarian with acute onset of lethargy and anorexia. Clinical examination revealed pyrexia and elevated heart and respiratory rates. The cria's condition worsened, and death ensued, in spite of antibiotic treatment and supportive care. A postmortem examination revealed moderate mesenteric lymphadenopathy with replacement of normal lymph node architecture by homogeneous tan tissue. Liver and kidney parenchyma contained multifocal, poorly defined 2-6-mm tan nodules.
Selected tissues from all alpacas were fixed in 10% neutral buffered formalin, sectioned, and processed routinely for his-topathology. Immunohistochemical staining was performed on serial sections from representative tumor samples from alpacas 1, 2, and 4 with an automated tissue stainer as follows: vimentin, a CD3, a LCA (leukocyte common antigen) b (1:200), cytokeratin, b and CD79a b (1:20) . Additional immunostains applied to tumor sections from alpaca 4 included the following: S100 a (1:500), NSE (nonspecific enolase) a (1:300), myeloperoxidase a (1:150), chromogranin A c (1:400), and synaptophysin. d Tumor samples from alpaca 3 were immunostained with CD3 and CD79a only. Immunohistochemical staining with all antibodies included appropriate positive and negative controls. In the case of CD79a, normal alpaca lymph node was used to verify CD79a immunostaining of lymphocytes in B-cell zones. Small tumor fragments from alpacas 1 and 2 were deparaffinized, rehydrated, fixed in 3% glutaraldehyde in Millonig buffer (pH 7.3), postfixed in 1% osmium tetroxide, dehydrated in graded alcohols, embedded in Spurr resin, sectioned, and examined through a transmission electron microscope.
The enlarged lymph nodes, cervix, and liver in alpaca 1, the expanded mediastinum, heart, and costal and diaphragmatic pleural masses in alpaca 2, the enlarged lymph node and mesenteric and intestinal masses in alpaca 3, and the enlarged mesenteric lymph nodes and liver and kidney masses in alpaca 4 were caused by dense multifocal coalescing accumulations of a usually randomly arranged population of round to pleomorphic cells that obliterated the architecture of infiltrated organs. Arrangement of cells in packets or nests bordered by capillaries was seen in scattered foci in masses from alpaca 4 (Fig. 1) . In all 4 animals neoplastic cells usually had 1 or more round to indented vesicular nuclei with marginated chromatin and prominent nucleoli. Tumor cell cytoplasm was usually scant and poorly defined. Mitotic index ranged from 1 to up to 9 per 400ϫ field. Many bizarre mitoses were seen in masses from alpaca 3. Extensive areas of necrosis were common in masses from all alpacas.
Neoplastic cells from alpacas 1-3 were positive for CD79a antigen (Fig. 2) and negative for all other antigens tested, supporting B-cell lymphosarcoma. In contrast, neo- plastic cells from alpaca 4 were positive for neuron-specific enolase and synaptophysin ( Fig. 3) and negative for CD79a and all other antigens tested. These findings strongly support a neuroendocrine cell of origin for the tumor in alpaca 4. This is supported by the multifocal arrangement of neoplastic cells in nests bordered by capillaries, reminiscent of an endocrine pattern. The primary site of origin could not be determined for the neoplasm in alpaca 4. The tumor samples examined by electron microscopy from alpacas 1 and 2 contained significant artifact and loss of membrane definition, such that morphologic interpretation of neoplastic cells was not possible. No evidence of viral particles was seen.
There are very few reports of lymphosarcoma in alpacas. One study included 3 alpacas in a report of lymphosarcoma in 10 North American camelids, 2 and another reported a case of lymphosarcoma in a 16-month-old alpaca. 14 The distribution of gross lesions in those reports included lymph nodes, liver, kidney, epicardium, myocardium, and mediastinum. The organs affected in those reports are similar to those observed affected in the 3 alpacas with lymphosarcoma in this report and those of bovine lymphosarcoma. The dense populations of round to pleomorphic cells with round to indented nuclei and scant cytoplasm are comparable with the neoplastic lymphocytes seen in lymphosarcoma in many domestic animal species. Immunohistochemistry supported B-cell lymphocytic origin of 3 of the 4 cases. 4 To the knowledge of the authors, immunohistochemical studies have not been performed in previously reported cases of lymphosarcoma in alpacas.
The cell of origin in bovine enzootic lymphosarcoma is most commonly of the mature B-cell phenotype. 12, 25 which correlates with the neoplastic cell type in the 3 alpacas with lymphosarcoma in this report. However, there are 2 notable differences between bovine enzootic lymphosarcoma and lymphosarcoma in the alpacas of this report. The occurrence of lymphosarcoma in the 6-week-old alpaca (alpaca 1) is more typical of the juvenile form of bovine lymphosarcoma, which occurs in calves under 2 years of age. In addition, the lesions of the 8-year-old alpaca (alpaca 2) resemble those of the thymic form of lymphosarcoma, which are seen in cattle under 2 years of age.
Most cases of bovine lymphosarcoma are of the enzootic form, usually caused by bovine leukemia virus, an RNA retrovirus, similar to other oncogenic viruses. 22 Viral particles were not seen by ultrastructural examination of post-formalin-fixed tumor samples obtained from alpacas 1 and 2 or those reported by others. 2 However, this negative finding may be due to artifactual loss of membrane definition, which is common in samples obtained from deparaffinized tissue fragments. Therefore, the possibility that virus plays a role in the pathogenesis of lymphosarcoma in alpacas cannot be ruled out.
The neoplastic cells in alpaca 4 were positive for 2 panneuroendocrine markers, NSE and synaptophysin. These 2 markers react with most types of neuroendocrine cells and are commonly used as a screen for this cell type. Because NSE has a tendency to also stain nonneuroendocrine tissues, positive staining for NSE alone should be carefully considered and compared with other immunostains. Synaptophysin has higher specificity than NSE, and although it is a marker of neuroendocrine tumors that parallels NSE, it is expressed independently and (in the dilution tested) has not been detected in nonendocrine cells or their neoplasms, mesenchymal tumors, lymphomas, or melanomas. Therefore, positive immunostaining for synaptophysin strongly supports neuroendocrine cell of origin. Antibodies to chromogranin A, another pan-neuroendocrine marker that has ubiquitous distribution in neuroendocrine tissues, react with the protein in secretory granules of neuroendocrine cells. Immunoreactivity is proportional to the number of secretory granules present, so false-negative results can be obtained in tumors that contain few secretory granules. 3 It is likely that the neoplastic cells in alpaca 4 contained sparse secretory granules.
This article describes malignant neoplasia in 4 alpacas. All 4 neoplasms were composed of a pleomorphic population of round cells. The initial impression, based on gross and histologic characteristics, was that these neoplasms were hematopoietic and similar to those seen in bovine lymphosarcoma. This perception was supported by immunohistochemistry in 3 of the 4 cases. The tumor in alpaca 4 serves to demonstrate that alpacas have the potential to develop a variety of neoplasms, as do other animals. Utilization of immunohistochemistry and other specialized techniques will further understanding of these neoplasms and their pathogenesis in all animal species.
